Abstract: The product of the electronic width of the J/ψ meson and the branching fractions of its decay to hadrons and electrons has been measured using the KEDR detector at the VEPP-4M e + e − collider. The obtained values are Γ ee (J/ψ) = 5.550 ± 0.056 ± 0.089 keV, Γ ee (J/ψ) · B hadrons (J/ψ) = 4.884 ± 0.048 ± 0.078 keV, Γ ee (J/ψ) · B ee (J/ψ) = 0.3331 ± 0.0066 ± 0.0040 keV.
Introduction
The J/ψ resonance, a bound state of cc quarks, was discovered more than forty years ago but its investigation is still actual. Fundamental properties of this meson including the branching fractions of leptonic and hadronic decays are important for understanding the quarkonium decay dynamics. The leptonic width of the J/ψ meson is used in calculations of c-quark mass [1, 2] and the hadronic contribution to the muon g − 2 [3] . It is also used for various calculations of radiative corrections due to the vacuum polarization and the initial-state radiation. The current precision of Γ ee in the potential models and in the lattice calculations [4, 5] is compatible with that of the world-average value [6] and increase of the experimental precision for this value can be crucial for further development of the LQCD calculation techniques.
Measurements of the J/ψ widths have a long history. They were studied at MarkI [7] and ADONE [8] , and later at BES [9] , BaBar [10] , CLEO [11] , KEDR [12, 13] and BESIII [14] . Usually Γ ee is measured in J/ψ decays to hadrons, e + e − or µ + µ − final states and the obtained value is the product of Γ ee to the corresponding branching fraction. At Observed cross section as a function of the c.m. energy (a) for e + e − → J/ψ → hadrons and (b) for e + e − → J/ψ → e + e − processes. The curves are the result of the combined fit, χ 2 of the fit equals 6.6 and 9.0 for the hadronic and leptonic channels, respectively, with the total number of degrees of freedom 15. present the best accuracy in the determination of Γ ee has been obtained by the BESIII collaboration [14] based on the Γ ee · B µµ (J/ψ) measurement in the initial-state radiation process e + e − → J/ψγ → µ + µ − γ and B µµ (J/ψ) branching fraction [6] . The best accuracy of the Γ ee · B hadrons value has been reached by combining the result on Γ ee [6] with B hadrons from BES [9] .
This work continues a series of experiments on measuring properties of charmonium resonances performed by the KEDR collaboration [12, 13, [15] [16] [17] . In 2010 partial widths Γ ee · B ee (J/ψ) and Γ ee · B µµ (J/ψ) were measured with high accuracy of 2.4% and 2.5%, respectively [12] . In this article we present new results on Γ ee and Γ ee · B hadrons obtained by measuring the cross sections of e + e − → hadrons and e + e − → e + e − as a function of the centre-of-mass (c.m.) energy in the vicinity of the J/ψ resonance with the KEDR detector at the VEPP-4M e + e − collider.
Experiment and data sample
A detailed description of the VEPP-4M e + e − collider and the KEDR detector can be found in Refs. [18, 19] . Our analysis is based on the same data set, with an integrated luminosity of 230 nb −1 , as that used in the KEDR analysis of the leptonic channels [12] . The data sample corresponds to 250 thousands of produced J/ψ mesons. During the scan the data were collected at 11 energy points as shown in Fig. 1 that allows a fit of the resonance shape and determination of the nonresonant background contributions to be performed. The beam energy was measured by the resonant depolarization method [20] . 26 calibrations were carried out during the scan, before and after data taking at each energy point. Between the calibrations the beam energy was interpolated with the accuracy better than 15 keV.
3 e + e − cross section in vicinity of a narrow resonance
The cross section for the annihilation process e + e − → hadrons in the vicinity of a narrow resonance can be presented in the form [16] :
where W is the c.m. energy, M is the mass of the resonance, Γ is its total width, α is the fine structure constant and R is the ratio σ(e + e − → hadrons)/σ(e + e − → µ + µ − ) outside of the resonance region. The truncated vacuum-polarization operator Π 0 does not include a contribution of the resonance itself. The radiative correction δ sf can be obtained from the structure-function approach of Ref. [21] :
2)
where m e is the electron mass. The function f is defined as
The parameter λ in Eq. (3.1) characterizes the strength of the interference effect in the inclusive hadronic cross section. According to Ref. [16] the expression for λ can be written as
The summation is performed over all exclusive hadronic modes.
Here and below cos φ m Θ and sin φ m Θ are the cosine and sine of the relative phase of the strong and electromagnetic amplitudes for the mode m averaged over the phase space of the products, b m = R m /R is the branching fraction of the corresponding continuum process, B ee is a probability of the decay to an e + e − pair, B hadrons is the total decay probability to hadrons and B Due to the resonance -continuum interference the effective hadronic widthΓ h can differ from the true hadronic partial width Γ hadrons = m Γ m :
In this analysis it was assumed that the relative phases of the strong and electromagnetic amplitudes in different decay modes are not correlated. Consequences and experimental verification of this assumption are discussed in detail in Refs. [16, 17] .
The differential e + e − cross section is calculated with
where s = W 2 and t = −W 2 · (1 − cos θ)/2 are the c.m. energy squared and momentum transfer squared, θ is the electron scattering angle. The first term in Eq. (3.7) represents the QED cross section obtained with the Monte Carlo technique [22, 23] . The second term is responsible for the resonance contribution and the third one for the interference. The accuracy of the formulae (3.7) about 0.1% is sufficient for this work and is confirmed with more precise expressions given in [24] .
Data analysis

MC simulation
We used MC samples of J/ψ inclusive decays and the continuum multihadron events to obtain the detector efficiency. The samples were generated with the tuned version of the BES generator [25] based on JETSET 7.4 [26] . The procedure of the parameter tuning is discussed in detail in Sec. 5.2. The generated events were reweighted to ensure that the branching fractions of the most probable decay modes correspond to the results of the PDG fit [6] . MC samples of Bhabha events required for the luminosity determination were simulated using the BHWIDE [22] and MCGPJ [23] generators. Generated MC events were then processed with the detector simulation package based on GEANT, version 3.21 [27] , and reconstructed with the same conditions as experimental data. During the data taking in 2005 there was an additional online condition -the number of hits in the vertex detector (VD) should not exceed 60 which corresponded to 10 charged tracks. Due to substantial crosstalk in VD electronics, there was some loss of signal events. The effect of crosstalk was carefully simulated.
To take into account the signal and background coincidences, a trigger from arbitrary beam crossings was implemented. The events recorded with this "random trigger" were superimposed with simulated events.
Trigger requirements
The trigger consists of two hardware levels: the primary trigger (PT) and the secondary trigger (ST) [28] . The primary trigger required signals from two or more non-adjacent scintillation counters or an energy deposition in the endcap calorimeter of at least 100 MeV. A veto from CsI calorimeter crystals closest to the beam line was used to suppress the machine background. The conditions of the secondary trigger were rather complicated, and were satisfied by events with two tracks in the vertex detector and the drift chamber or with a single track which deposited more the 70 MeV in the barrel calorimeter.
During the offline analysis all events (both recorded in experiment and simulated) were required to pass through the software event filter. It used a digitized response from detector subsystems and applied tighter conditions on its input in order to decrease the effect of calorimeter energy threshold and possible hardware-trigger instability.
Luminosity determination
For the absolute luminosity determination, e + e − events in the barrel LKr calorimeter [19] were used taking into account the contribution of J/ψ decays into e + e − (see Eq. (3.7)).
The final-state radiation (FSR) effects are considered using the PHOTOS package [29] . The J/ψ → e + e − cross section is shown in Fig. 1b obtained by subtracting the contribution of Bhabha events from the total e + e − → e + e − cross section.
The e + e − event selection includes the following criteria in addition to trigger requirements:
• two clusters within the polar angle range 40 < θ < 140 • and the energy E 1,2 larger than 700 MeV each;
• the energy deposition outside of those two clusters smaller than 10% of the total energy deposited in the calorimeter E cal ;
• acollinearities of the polar ∆θ and azimuthal ∆ϕ angles smaller than 15 • ;
• event sphericity S ch calculated with charged particles smaller than 0.05;
• two or three tracks in the drift chamber coming from the interaction point: the impact parameter with respect to the beam axis ρ < 0.5 cm, the coordinate of the point of closest approach |z 0 | < 13 cm and the transverse momentum P t > 100 MeV.
Cosmic background was additionally suppressed with the muon system by veto signals from opposite or adjacent to opposite octants or more than three layers fired in one octant. Alternatively, cosmic events were suppressed with the time-of-flight condition. Figure 2 shows comparison between e + e − → e + e − data and MC simulation. The distribution in the electron scattering angle for selected e + e − events is shown in Fig. 3 . The angular distributions of events from Bhabha scattering and from J/ψ decay are different which allows us to separate those contributions at each data point. Properties of e + e − events produced at the J/ψ peak -sum of two maximum cluster energies and polar-angle acollinearity in degrees. All distributions are normalized to unity. 
Selection of hadronic events
In our analysis the following selection requirements are applied:
• total energy deposition in the calorimeter 700 < E cal < 2500 MeV;
• more than 15% of total energy deposited in the barel LKr calorimeter E LKr /E cal > 0.15;
• at least one track with ρ < 0.5 cm, |z 0 | < 13 cm and P t > 100 MeV;
• at least three particles in the detector, including tracks in the drift chamber and calorimeter clusters, which are not associated with any track;
• the ratio of the Fox-Wolfram moments [30] H 2 /H 0 < 0.9.
The requirements on energy deposition separate hadronic events from backgrounds: the upper requirement reduces a fraction of e + e − events and the lower one suppresses µ + µ − and machine backgrounds. The requirement on the ratio of the Fox-Wolfram moments H 2 /H 0 is significant in reducing background from quasi-collinear e + e − events with additional particles from radiation and interaction with detector material. Cosmic events were additionally suppressed as in selection of e + e − events. Figure 4 shows comparison between the most important event characteristics obtained in the experiment and in the simulation.
Fitting of the data
We performed a combined fit of the data on hadron and e + e − production in the energy range of the J/ψ resonance.
Experimental runs were grouped into points according to run energy. The collision energy at each point was determined by interpolating the beam energy measurements and assuming the e + e − beam energy symmetry W = 2E beam . A sample of e + e − events was subdivided into 10 equal angular intervals in the range from 40 • to 140 • . The numbers of hadronic N i and leptonic n ij events observed at each energy point and each angular interval were fitted simultaneously as a function of collision energy and electron scattering angle using a minimizing function
where N exp/theor i and n exp/theor ij are experimentally measured and theoretically calculated numbers of hadronic and Bhabha events, respectively. Theoretically calculated event numbers were obtained as follows: Figure 4 . Properties of hadronic events produced in the vicinity of the J/ψ resonance: the number of tracks from the interaction point N IP , the total number of particles N part , energy deposited in the calorimeter E cal , inclusive P t and θ tracks distributions and the ratio of Fox-Wolfram moments H 2 /H 0 . The points represent experimental data, the histograms correspond to simulation of J/ψ decays. All distributions are normalized to unity.
Observed cross sections σ hadr (W i ) and σ ee (W i , θ j ) are determined from Eq. (3.1) and Eq. (3.7), respectively:
where the cross section of the annihilation process near the J/ψ resonance is convolved with the Gaussian distribution with the energy spread σ W :
The pre-exponential factor g differs from unity due to some accelerator-related effects. Its impact on the results of the measurements is considered in Sec. 5.4. The continuum cross section is almost constant in the vicinity of a narrow resonance and can be parametrised with
In Eqs. (4.3) and (4.4), ε hadr and ε ee (θ) are detection efficiencies and their dependence on beam energy can be neglected.
Luminosity L i at i-th energy point was determined as:
where L(E i ) is the integrated luminosity measured by the bremsstrahlung luminosity monitor at the i-th energy point and R L is an absolute luminosity calibration factor. The statistical uncertainties of parameters Γ ee (J/ψ), Γ ee (J/ψ) · B ee (J/ψ), Γ ee (J/ψ) · B hadrons (J/ψ) are strongly correlated. To determine these uncertainties accurately, the fit was performed with two sets of free parameters. In the first set the parameters Γ ee (J/ψ) and Γ ee (J/ψ)·B ee (J/ψ) were floating. In the second set the parameters Γ ee (J/ψ)·B hadrons (J/ψ) and Γ ee (J/ψ) · B ee (J/ψ) were floating. Both sets contained auxiliary free parameters: absolute luminosity calibration factor R L , resonance mass m(J/ψ), beam energy spread σ W and continuum contribution σ 0 . To relate the values of Γ ee (J/ψ), Γ ee (J/ψ) · B ee (J/ψ) and Γ ee (J/ψ) · B hadrons (J/ψ) the ratio Γ e + e − /Γ µ + µ − (J/ψ) = 1.0022 ± 0.0065 was fixed from the KEDR result [13] and the variation of the ratio inside its uncertainties introduces negligible systematic uncertainty to the measured values. The results obtained from the fits are listed in Table 1 . The J/ψ mass value is in good agreement with that published earlier by the KEDR collaboration [17] .
Study of systematic uncertainties
Main contributions of systematic uncertainties to the Γ ee (J/ψ), Γ ee (J/ψ) · B hadrons (J/ψ) and Γ ee (J/ψ) · B ee (J/ψ) values discussed in detail in this section were merged into five categories: absolute luminosity measurement, hadron decay simulation, detector and accelerator effects, theoretical uncertainties. Table 1 . Results of two different data fits performed for Γ ee (J/ψ) and Γ ee (J/ψ) · B hadrons (J/ψ) determination.
Luminosity uncertainties
Systematic effects related to luminosity were evaluated by using variation of the selection requirements. The requirement on the polar angle θ was varied in the broad range, and the corresponding change in the number of selected Bhabha events reached 50%. All variations are summarized in Table 2 and their contribution to the total error does not exceed a 0.8% uncertainty.
Variable
Range variation Uncertainty,% θ θ > 40 ÷ 50 • and θ < 90 ÷ 140 • 0.5 Table 2 . Uncertainties in % due to variation of the selection criteria for e + e − events.
In addition, we studied more carefully the following effects. The LKr calorimeter was aligned to the drift chamber using DC-reconstructed tracks from cosmic events. The position of the interaction point and the beam-line direction in the coordinate system of the detector were found using the primary-vertex distribution of hadronic events.
The luminosity uncertainty due to inaccuracy of the alignment was evaluated by applying the one-sigma shift during the reconstruction. The obtained uncertainty is less than 0.2%. The uncertainty due to the imperfect simulation of the calorimeter response was estimated by varying sensitivity to the energy loss fluctuations between LKr calorimeter electrodes and appears to be less than 0.3%.
The detection efficiency function for electrons, ε ee (θ), was calculated with J/ψ → e + e − simulation, with the θ angle measured in the drift chamber or LKr calorimeter, the result difference does not exceed 0.3%. A MC statistical uncertainty corresponds to 0.15%. To estimate the uncertainty of the e + e − → e + e − scattering cross section, calculated from Eq. (3.7) two event generators -BHWIDE and MCGPJ were used. The difference in the Γ ee (J/ψ) value was 0.37%.
The luminosity spread was estimated as a difference of the results from two independent luminosity monitors and was about 0.4%. This effect was studied with toy MC and the corresponding Γ ee (J/ψ) and Γ ee (J/ψ)·B hadrons (J/ψ) width uncertainties were about 0.04% and Γ ee (J/ψ) · B ee (J/ψ) uncertainty was about 0.06%.
Sources of the absolute luminosity determination uncertainties are summarized in Table Table 3 . Systematic uncertainties of the luminosity determination in %.
Uncertainty due to imperfect simulation of J/ψ decays
The next important source of uncertainties on the Γ ee (J/ψ) value is the imperfect simulation of J/ψ decays. To tune the simulation procedure and obtain a reliable estimate of the systematic uncertainty, we follow the method used in Ref. [16] . Let us discuss the idea of the method in brief. Assume that we have a perfect simulation procedure capable of reproducing all event characteristics and correlations between them, but it has a set of internal parameters to be tuned. By varying one of the parameters, one should trace the change of the mean value of some observable, for example the mean multiplicity N IP , and the detection efficiency ε. The simulated value of the observable coincides with the measured one at the optimal setting of the parameter. For small variations the detection efficiency linearly depends on the mean multiplicity, therefore the accuracy of the efficiency determination δε = ∂ε/∂ N IP δ N IP , where δ N IP is the uncertainty of the experimental value of the multiplicity. In case of several simulation parameters to vary, one should get the set of ε(N IP ) trajectories crossing together at the point which corresponds to an experimental observable. In practice, the simulation procedure is not perfect, thus instead of one intersection point we have the situation depicted in Fig. 5 . The uncertainty of the detection efficiency grows due to difference in trajectory slopes obtained with variations of simulation parameters. The estimate of the uncertainty interval corresponds to the vertical size of the shadow box in Fig. 5 while the horizontal size is determined by the track multiplicity uncertainty in the experiment.
To obtain the results presented in Fig. 5 , we iterated as follows: vary one of the JETSET parameters and then modify some complementary parameter to achieve good agreement in observed charged multiplicity. The values of the mean multiplicity and the detection efficiencies obtained for various settings of parameters are summarized in Table 4 .
The main JETSET parameters to vary are PARJ (21), PARJ(33), PARJ(37), PARJ(41) and PAR(42) referred to σ P T , W stop , δW stop and two parameters a and b for the Lund fragmentation function, respectively. The parameter σ P T is responsible for a width in the Gaussian transverse-momentum distributions of primary particles appearing during fragmentation, while W stop is the energy of the jet system below which a final hadron pair is produced. This energy is smeared with a relative width δW stop . Beside variations of fragmentation function parameters, we tried the fragmentation with parton showers switched off.
The charged multiplicity was selected for tuning as the most sensitive event characteristic. In addition to it, simulated distributions of charged tracks sphericity, Fox-Wolfram moments, energy deposited in the calorimeter, the inclusive event characteristics such as momentum, azimuthal and polar angles, were checked for agreement with experimental data. Histogram shapes were compared using a Kolmogorov test and simulated samples that gave the values of the Kolmogorov test lower than 0.6 were rejected.
The multihadron efficiency was averaged over efficiencies corresponding to an experimentally measured charged multiplicity N IP in Fig. 5 For the calculation of the mean multiplicity some track selection criteria are required. Their choice leads to an additional uncertainty on the detection efficiency which is smaller than 0.3%. The track reconstruction efficiency is not exactly the same for the experimental data and simulation. The difference was studied using Bhabha events and cosmic tracks and the appropriate correction was introduced in the detector simulation with an uncertainty smaller than 0.1%.
For reweighting we used significant and well-measured J/ψ decay branching fractions. To check a systematic uncertainty, the remaining branching fractions were added to the list and corresponding MC event weights were recalculated. This leads to uncertainty of less than 0.1% on the measured Γ ee (J/ψ) and Γ ee (J/ψ) · B hadrons (J/ψ) values.
All systematic uncertainties due to imperfect simulation are summarized in Table 5 . Systematic uncertainties of Γ ee (J/ψ) · B hadrons (J/ψ) due to imperfect simulation of J/ψ decays.
Detector-related uncertainties
The major sources of the detector-related systematic uncertainties in the Γ ee (J/ψ) width are listed in Table 6 . Table 6 . Sources of detector-related systematic uncertainties in %.
The effects of possible sources of the detector-related uncertainties were evaluated by varying the event selection requirements. Minimum and maximum total energies deposited in the calorimeter were varied to 500 and 2700 MeV, respectively. A requirement on the Fox-Wolfram moments was removed from selection. A requirement on the number of tracks from interaction points was tightened to have N IP > 1 and track selections on ρ, z 0 and P t were varied and the obtained difference did not exceed 0.2%. The results are presented in Table 7 giving in total about 0.5%.
Variable
Range variation Uncertainty, % E cal E cal > 500 ÷ 700 and 0.3 Table 7 . Γ ee (J/ψ) · B hadrons (J/ψ) uncertainty in % due to variation of the selection criteria for hadronic events.
To estimate the uncertainty related to the cosmic background, the condition on the muon system veto was replaced with a condition on the average ToF time with the number of hits in the muon system not larger than two. The difference was found to be about 0.3% for Γ ee (J/ψ) and Γ ee (J/ψ) · B hadrons (J/ψ) and 0.1% for Γ ee (J/ψ) · B ee (J/ψ).
In addition, we used two models of nuclear interaction during simulation -with the GHEISHA [31] and FLUKA [32] packages as they are implemented in GEANT 3.21. The variation of the resulting Γ ee value was about 0.2%.
The two methods to achieve data and MC agreement in the momentum resolution and the angular resolution were used: we scale either the assumed systematic uncertainties of x(t) determination or the spatial resolution of the drift chamber. That gives a 0.2% systematic uncertainty.
The trigger inefficiency includes three contributions. The inefficiency of time-of-flight counters used in the primary trigger was determined with especially selected e + e − → e + e − and cosmic events and equals 0.3%. A systematic uncertainty due to crosstalk in VD electronics was evaluated as a difference of results with two sets of VD simulation parameters obtained by using cosmic and Bhabha events. It was about 0.2%. And the last effect is a veto from CsI crystals near the beam line, which was estimated by varying corresponding trigger thresholds and equals 0.3%.
Accelerator uncertainties
The influence of the machine background was estimated by using a data set collected with separated beams. The number of hadronic events selected from this data set was rescaled to the full data sample proportionally to the integrals of the beam currents. The contribution of background events to the observed cross section is about 6-12 nb. The number of selected hadron events was corrected for the number of estimated background events and the data were refitted. The relative uncertainty does not exceed 0.2%.
The non-Gaussian effects in the total collision energy distribution contribute about 0.2% to the Γ ee (J/ψ) uncertainty. To estimate this contribution, we added a pre-exponential factor while convolving the cross section with a Gaussian function in Eq. (4.5) (details are discussed in [17] ):
To check the uncertainty related to the beam energy determination, the values of energy assigned to the data points were corrected within their errors using the known shape of the resonance cross section. For that, eleven free parameters E fit i were introduced in the fit function (4.1) and the compensating term,
2) was added, where E i is the energy obtained from interpolation of the resonance depolarization data and σ E i is its estimated accuracy. For the cross section calculations, the values W i = 2E fit i were used. The variation of the fitted Γ ee value was about 0.3%. The list of accelerator uncertainties is presented in Table 8 . Accelerator-related uncertainties contributions in %.
Other uncertainties
The interference parameter λ in the fit was fixed at the value of 0.39 assuming that the sum in (3.5) vanishes. To verify the uncertainty related to this parameter, we left λ floating resulting in a shift of 0.2% on the Γ ee (J/ψ) and Γ ee (J/ψ) · B hadrons (J/ψ) values and about 0.1% on the Γ ee (J/ψ) · B ee (J/ψ) value. Deviation ofΓ h from a sum of partial hadronic widths Γ hadrons due to interference effects was estimated in the Bayesian approach under the assumption that all phases in Eq. (3.5) have equal probability as discussed in [16] . At the fitted value λ = 0.36 ± 0.14, the effect does not exceed 0.3%.
The accuracy of the analytic expression (3.1) is about 0.1%. In addition, the 0.1% accuracy of the radiative-correction calculation [21] should be taken into account. The inaccuracy of simulation of FSR effects with PHOTOS is negligible in our analysis.
The sum in quadrature of all contributions listed in this subsection is about 0.4%.
Summary
The parameters of the J/ψ meson have been measured by using the data collected with the KEDR detector at the VEPP-4M e + e − collider. Two data fits were performed, the first one was used to obtain partial lepton widths Γ ee (J/ψ) · B hadrons (J/ψ) and Γ ee (J/ψ) · B ee (J/ψ). Their errors are strongly correlated, therefore to obtain the total leptonic width Γ ee (J/ψ) a separate fit was introduced. Our results are Γ ee (J/ψ) = 5.550 ± 0.056 ± 0.089 keV, Γ ee (J/ψ) · B hadrons (J/ψ) = 4.884 ± 0.048 ± 0.078 keV, Γ ee (J/ψ) · B ee (J/ψ) = 0.3331 ± 0.0066 ± 0.0040 keV.
The first and second uncertainties are statistical and systematic, respectively. The major sources of the systematic uncertainties for the Γ ee (J/ψ) and Γ ee (J/ψ)·B hadrons (J/ψ) values are summarized in Table 9 and the total systematic uncertainty equals 1.6%. For the Γ ee (J/ψ) · B ee (J/ψ) product, the total systematic uncertainty equals 1.2%.
Our result for the Γ ee (J/ψ)·B hadrons (J/ψ) value is consistent with and four times more precise than the previous direct measurement in the hadronic channel [9] . The obtained Γ ee (J/ψ) · B ee (J/ψ) value is in good agreement with our previous measurement [12] and supersedes it. Table 9 . Dominant systematic uncertainties in the Γ ee (J/ψ), Γ ee (J/ψ) · B hadrons (J/ψ) and Γ ee (J/ψ) · B ee (J/ψ) values. Γ (J/ψ) keV * Direct measurement Figure 6 . Comparison of Γ ee (J/ψ) and Γ(J/ψ) measured in the most precise experiments and Γ ee (J/ψ) predictions from lattice QCD calculations. The Γ(J/ψ) value from the BESIII experiment was calculated from [14] using the world-average lepton branching fraction [6] . The gray band corresponds to the world-average value with allowance for the uncertainty in it.
Taking into account B ee (J/ψ) = (5.971 ± 0.032)% from [6] we determined the total width of the J/ψ meson: Γ = 92.94 ± 1.83 keV.
The leptonic and total widths of the J/ψ meson Γ ee are known from the BESIII [14] , CLEO [11] and BaBar [10] experiments. The values were calculated from Γ ee (J/ψ) · B µµ (J/ψ) measured in the radiation process e + e − → µ + µ − γ with the J/ψ meson decaying to muon pair.
The electronic and total widths obtained in our analysis agree well with the world average Γ ee = 5.55± 0.14± 0.02 keV and Γ = 92.9± 2.8 keV [6] . Figure 6 represents comparison
